MICROWAVE WATER HEATING SYSTEM 



Background of the Invention 

This invention relates generally to on-demand water heating systems and, more 
particularly, to a microwave water heating system that utilizes a vacuum-insulated dual- 
chambered spherical structure with a pluraUty of magnetrons for efficiently heating a water 
stream on-demand with microwaves. 

Conventional water heaters consume a significant amount of energy to keep a 
large volume of water heated for later use. As a result of this energy consumption drawback, 
in-line systems for heating water only when requested are gaining in popularity. Various on- 
demand water heating systems have been proposed in the art utilizing microwaves as the 
heating means. Although assumably effective for their intended purposes, the existing 
systems are inefficient in both heating a water stream and in preventing loss of that heat 
energy. 

Therefore, it is desirable to have a microwave water heating system that utilizes 
microwave energy to heat water as demanded by a consumer. Further, it is desirable to have 
a microwave water heating system for quickly heating a maximum volume of water with a 
minimal degree of heat loss. Still further, it is desirable to have a microwave water heating 
system having a strong, lightweight configuration that allows microwave energy to be 
focused on a central location where a water stream to be heated is swirling in an induced 
vortex. 

Summary of the hivention 
A microwave water heating system according to the present invention includes a 
metal outer casing having a spherical configuration and an inner housing situated within the 
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outer casing. The inner housing includes an inlet port for connection to an upstream water 
source and an outlet port for connection to a downstream conduit. A float valve positioned in 
the inner housing is movable relative to the inlet port between sealed and imsealed 
configurations according to water pressure differences upstream and downstream of the 

5 valve. In other words, the valve is opened when a user turns on a downstream faucet and is 
closed when the faucet is turned off. 

The casing and housing include respective outer walls that are spaced apart with a 
vacuum space therebetween which forms an insulating layer to prevent heat loss. A plurality 
of magnetrons are mounted about the C£ising and positioned to transmit microwaves through 

10 the vacuum space and to the inner housing. The inner housing includes a configuration that 
induces a water stream flowing therein into a vortex for maximum heating thereof by 
incoming microwaves. A nozzle is situated within the inner housing for delivering the water 
stream from the vortex to the outlet port as the water stream is being demanded by a user. 
Thus, the water stream may be efficiently heated on-demand with minimal heat loss due to 

15 the spherical and insulating vacuum space configurations. 

Therefore, a general object of this invention is to provide a microwave water 
heating system which heats a volume of water on-demand quickly, efficiently and with 
minimal heat loss. 

Another object of this invention is to provide a microwave water heating system, 
20 as aforesaid, which heats a water stream using microwave energy. 

Still another object of this invention is to provide a microwave water heating 
system, as aforesaid, which includes a vacuum space insulating layer to minimize heat loss 
from heated water. 
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Yet another object of this invention is to provide a microwave water heating 
system, as aforesaid, which includes a reflective metal casing for enhancing microwave 
heating efficiency and minimizing heat loss. 

A further object of this invention is to provide a microwave water heating system, 
5 as aforesaid, which utilizes heat dissipated by the magnetrons to heat a water stream* 

A still further object of this invention is to provide a microwave water heating 
system, as aforesaid, which utilizes a spherical casing and inner housing configuration to 
maximize strength, weight, and heating efficiencies. 

Other objects and advantages of this invention will become apparent firom the 
10 following description taken in connection with the accompanying drawings, wherein is set 
forth by way of illustration and example, embodiments of this invention. 

Brief Description of the Drawings 
Fig. 1 is a perspective view of a microwave water heating system according to a 
15 now preferred embodiment of the present invention; 

Fig. 2a is a side view of the heating system as in Fig. 1 ; 

Fig. 2b is a sectional view of the heating system taken along line 2b-2b of Fig. 

2a; 

Fig. 3 a is a sectional view as in Fig. 2b with a float valve in an unsealed 
20 configuration; 

Fig. 3b is a sectional view as in Fig. 2b with a float valve in a sealed 
configuration; 

Fig. 4 is a sectional view as in Fig. 3a on an enlarged scale showing a flow of a 
water stream through the system; 
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Fig. 5 is a perspective view of a microwave water heating system according to 
aaother embodiment of the present invention; and 

Fig. 6 is a perspective view of a microwave water heating system according to 
still another embodiment of the present invention. 
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A microwave water heating system 10 according to one embodiment of the 
present invention will now be described in detail with reference to Figs. 1 through 4 of the 
accompanying drawings. As shown in Figs. 1 and 2b, the microwave water heating system 

5 10 includes an outer casing 12 having a metal construction. The casing 12 includes an outer 
wall 14 preferably having a spherical configuration and defining first 16 and second 18 
openings with a casing chamber formed therebetween. The outer casing 12 further includes a 
plurality of mounting plates 20 connected to the outer wall 14 so that the entire water heating 
system 10 may be conveniently mounted in-line for use in a water supply system, e.g. below 

10 a sink or in a wall adjacent a shower, etc.. Of course, other configurations would also work 
as will be described later. 

Further, the microwave water heating system 10 includes an inner housing 22 
having a configuration substantially similar to that of the casing 12. Preferably, the inner 
housing 22 includes a generally spherical configuration concentrically smaller than the casing 

15 12 and positioned within the casing chamber (Fig. 2b). The inner housing 22 is preferably 
constructed of borosilicate glass which has good heat resistant properties although 
appropriate plastic or other microwave penetrable materials would also be suitable. 

Although other configurations would work, as to be described in more detail 
later, the spherical configuration provides many advantages for the present application. 

20 Spherical pressure vessels are the strongest shape for their weight, thus translating into an 
overall lighter heating apparatus using less material in construction. Further, spherical 
vessels have the smallest surface area per volume enclosed therein which leads to less heat 
loss since heat can only be transferred at the surface of the enclosure. Finally, magnetrons 
radiating energy into a sphere will focus their energy at a common point, namely at the 

25 sphere's center, as to be described more fully below. 
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The inner housing 22 includes an outer wall 28 that is spaced apart from the 
casing outer wall 14 and forms a vacuum space 30 intermediate the respective outer walls. A 
vacuum space provides a valuable insulating effect. While heat is not efficiently passed 
through a vacuum space that is void of air, microwaves are capable of passing through the 

5 vacuumed space. Therefore, heating as a result of microwave transmission is capable 
through a vacuum while heat loss therethrough is very slow. The inner housing 22 includes 
an inlet port 24 extending through the first opening 16 of the casing 12 for connection to a 
conventional water source. The inner housing 22 further includes an outlet port 26 extending 
through the second opening 18 of the casing 12 for connection to a downstream conduit. A 

10 water stream is selectively capable of flowing through the housing 22 between the inlet 24 
and outlet 26 ports, as will be further described later. 

A plurality of magnetrons 32 are mounted to the outer wall 14 of the casing 12 
and are spaced apart thereabout (Fig. 1) although the system 10 would work with at least one 
magnetron. Each magnetron 32 includes a conventional construction and is capable of 

15 generating and transmitting microwaves and includes a transmission member extending 
through the outer wall 14 and directed toward the center of the inner housing 22 (Fig. 2b). As 
described above, the housing 22 is preferably constructed of borosilicate glass such that 
microwaves being transmitted through the vacuum space 30 and directed at the housing 22 
penetrate the housing 22 to heat water therein. With the magnetrons 32 positioned about the 

20 spherical-shaped outer wall 14 in a spaced apart relationship relative to one another, the 
microwaves being transmitted by the magnetrons 32 are focused upon a common central 
location in the housing 22. 

The outer housing 22 includes a reflective inner layer 34 for reflecting 
microwaves back toward the inner housing 22 if they are previously outwardly reflected. 

25 This reflective layer 34 would also reflect microwaves that had passed completely through 
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the inner housing 22. It should be appreciated that this energy and heating efficiency is 
greater with the spherical configuration of the outer casing and inner housing 22 and with the 
reflective inner layer 34 than without these design elements. 

A float valve 36 is positioned within the inner housing 22 adjacent the inlet port 

5 24 for regulating the flow of a water stream into the housing 22 from the water source 
connected to the inlet port 24. The float valve 36 includes a generally cone-shaped tip 38 
configured to seal the inlet port 24 when positioned therein. The float valve 36 further 
includes a generally hemispherical or dome-shaped lower section 40 for directing an inbound 
water stream outwardly toward the outer wall of the housing 22. The float valve 36 is 

10 movable between a sealed configuration (Fig. 3b) with the tip 38 nesting within the inlet port 
24 and an imsealed configuration (Fig. 3a) with the tip 38 displaced from the inlet port 24. 
The lower section 40 includes a configuration that is complementary to the spherical housing 
configuration and also contributes to a seal at the sealed configuration (Fig. 3b). The float 
valve 36 is moved between the sealed and unsealed configurations according to differences in 

15 upstream and downstream water pressure relative to the float valve 36. In other words, the 
float valve 36 is drawn in the direction of low pressure so that the water stream flows through 
the housing 22 between the inlet 24 and outlet 26 ports. For example, the opening of a faucet 
downstream of the outlet port 26 causes downstream low pressure which draws the float 
valve 36 in the downstream direction, i.e. causes the float valve 36 to move to its unsealed 

20 configuration. 

A compression spring 42 is connected at one end to the lower section 40 of the 
float valve 36 and is mounted at another end to a housing structure as described below. The 
spring 42 is normally biased to urge the float valve 36 toward the sealed configuration. Thus, 
the spring 42 is compressed when the float valve 36 moves to the unsealed configuration 
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(Fig. 2a) and then returns the valve to the sealed configuration when the downstream low 
pressure is abated, e.g. upon faucet closing. 

The housing 22 includes a bell nozzle 52 extending between a generally central 
point of the housing and the outlet port 26 for communicating the water stream therebetween 
(Fig. 2b). The bell nozzle 52 includes an open mouth that flares outwardly for efficiently 
receiving the water stream therein with minimal friction or obstruction. The compression 
spring 42 is preferably mounted to the nozzle 52 at the nozzle open end for interaction with 
the lower section 40. It is appreciated that the bell nozzle 52 cooperates with the spherical 
shape of the housing 22 and flow direction of a water stream as directed by the lower section 
40 of the float valve 36 to induce a torroidal vortex 44 within the housing 22 (Fig.4). Despite 
the vortex, the water stream is still forced into the mouth of the nozzle 52 by the volume of 
water entering the housing 22 through the inlet port 24 and as a result of downstream low 
pressure. 

The vortex 44 is important in that this provides more opportunity for the water 
stream to be heated by incoming microwaves that are being focused at that point. The 
induced vortex, therefore, contributes to the improved heating efficiency provided by the 
microwave water heating system 1 0. 

It is recognized that operation of the plurality of magnetrons 32 generates a 
significant amount of heat which must be dissipated, absorbed, or transferred in some 
manner. Accordingly, the present invention includes a cooling assembly that makes use of 
the heat generated by the magnetrons 32 to fiirther heat a water stream for downstream use. 
More particularly, a conduit 46 is routed through the plurality of magnetrons 32 for a transfer 
of heat generated thereby to the water stream flowing through the conduit 46. Upstream ends 
48 of the conduit 46 are connected to the inlet port 24 of the housing 22 and downstream ends 
50 of the conduit 46 are connected to the outlet port 26. Therefore, a portion of the water 
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stream is heated in the housing 22 via microwave transmissions as described previously while 
another portion of the water stream is heated by dissipated magnetron operation heat. These 
portions may be reunited at the outlet port 26 and delivered downstream. Alternatively, the 
cooling assembly may act as a "pre-heater'* with that portion being returned to the inlet port 

5 24 to flow through the housing 22 for additional heating. 

It is understood that the microwave water heating system 10 may be controlled in 
a conventional manner. A thermocouple (not shown) may be positioned anywhere along the 
outlet or downstream tubing with temperature data being relayed to a microcontroller. The 
microcontroller, then, could activate any number of the plurality of magnetrons 32 to heat a 

10 water stream to a desired temperature. The magnetrons 32 may be activated only upon 
sensing a water flow or may be activated in short bursts to maintain a constant temperature 
within the housing 22, the housing acting as a conventional hot water storage reservoir. 

Li use, the microwave water heating system 10 may be installed in a residential or 
commercial setting as part of the plumbing system. As hot water is demanded, e.g. by 

15 opening a faucet or the like, water may be heated using microwaves and delivered to the 
demanding location. More particularly, upstream and downstream water pressure 
differentials regulate a float valve's movement between sealed and unsealed configurations. 
A water stream flowing into the inner housing 22 of the heating system 10 is drawn into a 
swirl or vortex 44 by the housing, nozzle 52, and float valve 36 configuration where the water 

20 stream is subjected to microwaves transmitted from the plurality of magnetrons 32. The 
microwaves are focused on a common location by their positioning about a generally 
spherical casing 12 and the microwaves are continuously reflected to the housing 22 by a 
reflective layer 34 in the casing 12. Heat loss from the housing is minimal in that the housing 
22 and casing 12 are separated by a vacuum space 30 for enhanced thermal efficiency. 
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Although a generally spherical configuration is preferred, as described in detail 

above, alternative casing and housing configurations would also work. A microwave water 

heating system 60 according to another embodiment of the present invention is shown in Fig. 

5 and includes a construction that is substantially similar to the system 10 described 
5 previously except as noted below. The system 60 according to this embodiment presents a 

partially flattened spherical configuration and would maintain many of the advantages of the 

generally spherical configuration. 

A microwave water heating system 70 according to still another embodiment is 

shown in Fig. 6 and includes a generally linear configuration. This configuration would also 
10 be suitable although some of the advantages of a spherical configuration, e.g. heat loss 

reduction and vortex, may be compromised. On the other hand, a hnear configuration may 

work better moimted behind a wall. 

It is understood that while certain forms of this invention have been illustrated 

and described, it is not limited thereto except insofar as such limitations are included in the 
15 following claims and allowable functional equivalents thereof. 
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